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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive 
lithium secondary battery having high energy density and 
high safety without easily causing capacity deterioration 
even in storing the battery in a high-temperature 
atmosphere. 

SOLUTION: This lithium secondary battery is provided with 
a negative electrode comprising copper foil and a negative 
electrode mix layer formed on the copper foil and having a 
density of 1.4-1.8 g/cm3, a positive electrode comprising 
aluminum foil and a positive electrode mix layer formed on 
the aluminum foil and having a density of 3.3-3.7 g/cm3, and 
a nonaqueous electrolyte. The negative electrode mix layer 
comprises graphite and graphatization retarding carbon. The 
positive electrode mix layer is formed of at least one kind 
selected from among a group comprising an active material 
(a) comprising LiMn204 and LiNi02, an active material (b) 
formed of LiMnxNi1-x02, an active material (c) comprising 
LiMn204, LiNi02 and Li0oO2 ( and an active material (d) 
formed of LiMnyNizCo1-y-z. 
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!SiEfig-&*tJg*^ L i Mn 2 0«£ LiNiOati'fcS 
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[1***1 6] «4&§f (c) tr^T, L i N i O 2 co 
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[0 0 0 2] 

jitr-tsLT#fco -coy f^Aijifctfett, y^A 
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T?, *^«ffi«-C5fe*bfc*»«*»©»bn*L i C 
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= ?A^±U:7l2j*$iirfcL i C o0 2 A^/j:5iE1S-g-fi- 
gco«S=Sr3. 3 g/ cm 3 £k±\Z&X-mibZ^fet) i & 
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L i M n,N i i-j,0 2 , L iMn,Co,N i ,-,-,0 

V^.SrEI2 Jw^i". L i N i 0 2> L i Mn»N 
i ,-x0 2 , L iMn y Co,N i Ly-.Oz^fBT-lt, $!J^ 
36«l*.c*i.t*N i Oa*:R«3ft©«0fttJW«»liaf*s 
L i C o 0 2 »CJt'<T^:#V>r. ir^Cj, iEffiO^F'SIie^ 
fi^jg^t/^^,, ;©fcfc, wftSr@^OSIS*^/«C5 

»rft^J$ft5 0 

[ooii] rrt-, lEm^^fs-y^m^mtm^ 

h^V&^-^^^^W-i. fftR.mtQ0<O®tef*iX~Mf&Z 
n52«-7y#W*>- (Mn 2 *) **^E£i:%ibftTV^ 
5. Mn 2 *co^S/St UTtt, »;W2oj45%^bft 
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Mn 2t + 2 e" -» Mn 
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[0 0 13] 

[S$ja&fl¥?fe1-5;fc*ro#j!8:] -kfE&££^ **Wtt, 
SP38It> lME*B»±ir»j**ft;fc*fl»*i. 4~l. 8 

$gt, tUIETyW5 = l?i>.?i±tr^$Hfc®SA53. 3 
~3. yg/cm^jE^It^feiiSm /ife 

l!tJfE:iE®£-;WiaS s L i MnzOat L i N i Oat 
/4>t>#5f£«S (a) , LiMnxNii-.OsWiS 
(b) , Li Mn 2 0«t LiNi O a t L i C o 
Oat#>fcft5g&H (c) , ttS^XJL i Mn y N i »C 
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[0 0 14] (a) £fc(4 (c) K*5^T, L i 
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<itl S^^f ^-VT-B^^nfc LiNi ,-.- b C o.A 
U0 2 (0<a+bg0. 25) (Dm.)&&m-$-Z>Z.ktf 
$f*L-t\, mmW. (a) K*3^-<\ LiMn 2 0,^t 
m-t, L iMn^iL i N i 0 2 t^Iiro2 0~ 
5 0li%tfc5CtjJ^4LV^ S^ff (b) \zjs\^ 
T, xfitfi, 0<x<0. 5tfe5Ii:!5!SJ* U\ g 
$)SC (c) i^*5^T % LiMn 2 0 4 ©ttfll LiM 
naCtL i N i Oat L i C o Oa b (D%£&m.(D 2 0 ~ 

4 omm%T~hz^bt>m$iL\,\ mvog u) kssv^ 40 

T\ LiNi OaWg-*^(4, L i Mn 2 O a i LiNi 
Oat L i C oO z b<DmMA<D2 0~4 0ti%t*>5 
r bimt. LV\ gifciff (d) K*3VM:, yfflli, 0< 
y<0. 4, zffl4 x 0<z<0. 4T-i>5:tWt 

[0015] fljCJBJMB4b&ft»0$**tt. HfBtJS 
JRtttettLK* t ©8*0) 10-30 ii%T*Sb 5 r t # 

— x«M8*<0*»<fc** *s <t iwsnwfc $ *ut y y 7 » -x 50 
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vyfcfcfc^iro^WfcRtaWB:!?)^-*-^. jEC 

(5fc3) 

SJKMMiJ: 9 *6»**e>3Hi*tfc^4 < 1 1> 1 
WIB»»Osp*Wt^S© 7 0 %£iTt*fe5r t *«» * b 

[0016] i-*fct, % ww-nt, JEMmvo'Xb l 

T, L i CoOai^t^fiSfcfcipWpIiSS^S^A 
#V^LiMn 2 0 4 iL iNiOsiOil^ LiMn, 
N i i-*Oa, L iMn y CoxN i i- M 0 2 iV , -5fcS'& 

fc^t LT©:E@-&$*Jf <7>«fg-£r. 3. 3-3. 7g 

$;ft<TV^em©IE@£-*}Ji©^tf{±3. 0~3. 3g 

ijM"¥— **fl2«:Bia Z b ^T-# 3„ 
[0 0 17] *3gPjT-|4, mfi&tJill^btt^Sl 

v\ 

®Ji*«Wbtt^*tt. *»»wtb-«-c*K<, *£«I4 
1. 5 — 1. 6 g/cm 3 flS-e*>5. — 
^e«l4 2. 2 2 — 2. 24 g/cm 3 ffc5. 

[0018] _bffi<D, ©<ofl*«*»b» Stm&Mbt4^^ 
^ y 7*-XtMM!fc. HfbMkM C F*f ©UliBlE. 
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&mnm \z.m.uztiz rwi?^ti 

^teit^T, «»osocas(Sv^#lBfc*sv^rtiE*o 

SC 2 In* LfciE^ffifirO(STI-# 5 «*Ub*ttfcM n 2 * 
«J±Jf**s»Jt**v, Mn a *©£fi!S*«» ftlOWlbSQS 

j«.i-*©*tHfc#$» IE • *««*<7?^kS:*/jN»lc» 10 

L-Cfc, «tttt©i*v*y 

[0019] #3BW-Ctt, JMMMH£IK.*«>***fc. 
M» £ JMMBftttftS fc ©i&4© 10-30 a*%lzfr 

©Bt» i: ttzmmoW-amFFm* 10~40^mt 

©j:s**ttg«Mt«rflivn\ ^^y-mh-sibiz.m 

1&k LT 1 . 4~1. 8g/cm 30 

*—®mt *m z> t> co-c-fc s. 

[0 0 2 0] 

m^mWi i ma^sa^i*, y <?■ ? A<z>-piig«>fcgys 

^ $ A £ £ tr3f^M*&IIHMfe fclEtSS^ff fci~£jE 

&ttm<0&m% 1 • 4—1. 8g/cm'iU IE13i 
fi. L iMn 2 04tLiNi0 2 «troS^«r±ftit 
fclE^-g-^^Tyw^^^^JSiJr^L, JEJg^trJ; 
oTjE#-&*tS<7?^£g$r3. 3 — 3. 7g/cm 3 iL 
fct©T- *>■£>„ 6Lb©fl|jS.J:.fc5i:. 

v >T t ^fi^-ltro^/ii > y ^ ? a 3c»-fE 
Bt5:tii ! T?*5. Att-S-flJB©*** 1 !. 4g/c 

— 1. 8 g/cra'5;: aLSiKffiltAtili, 50 
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3. 3 g /cm 3 *«T-|4, tt£J: 9 ft$*©tttt&W 
— 3. 7 g/cm 3 Srr^-5i^ 

[00 2 1] ::f, L i N i 0 2 lr-£-£;H3 3fl6©= 
: N i 3 *(4, ^ • 
o*:#, %tttf&M ? **m'9~MLtcm'&<DL i N i O 
a ©*3fe£fl:M:*#<fc3. tLTIi, 

^->co— gJJSr 3 ffico4*li^$^/«c = K ^ ^ V : 
C o 3 *SOf/*fc(iT/W5 = [7^W^-V : A 1 3 *T*ffi& 
TZ>Zbtfm%}X'hZ>o i-%t>h. L i N i 0 2 (i, - 

AW*Vfc±oTtt#ttfc«*3i'Lfc, *§€±, LiN 
i ,-.-bC o.A 1 b O z X-%tZlxZ> i &-&m ] cMX'&>Z>tt 
3*£f£ LV\ L i N i 0 2 £ LTLiNi i-.- b C o»A 

Ji, 0<a+b^0. 2 5?:«fctr. 
[0 0 2 2] L iMn 2 0*£L i N i OatSr. ^ft, 
y ^^^-»:m?i!lC0jE«iS^i«i LTJ£<ftiPi^TV^-5 
L i C o0 2< fcJ*tH-3±:, *^:S^^v^Lli*ffi^a^ 
thtiY) <DW&&m.\Z, L i N i 0 2 > L i C oO z >L i 

— ISirL i Mn 2 0 4 >L i C o0 2 >L i N i O z <D 
mz*%\,\ ®i<?X, 'PK< tt.L i C oO z <O^W 
l&XlEmiSVoKk Ltfti Lfc y A-^ft&.t 0 t 
ift$4'ft;SrEl-5fc*lr»t N LiMn 2 0 4 tLiNi0 2 
ttOig-&IE®?ti^Klr*;ttSL i Mn 2 O 4 C0^^Sr 5 
Ofift%EATI-}fpx.5^/4 s fo?)o — +^^ffi?& 

co^tssTm^-rs^^bii^ l i Mn z o«<Dm^mm 

$: 2 0**%«±l^-f-5^^*»?)o £A-h£ !? . 
*3(t-5 L i Mn 2 O^C0-&#^l4. L i Mn 2 0 4 i L i N 
i O z t(Om.Mm<D2 0-5 0lI%T-fo5rt*i!if* 

[0 0 2 3] flMBAfftt* Hf&comi-. $t>«r>F^Iiifg 

Loo, AfilW^fl;o^Sr^#<i-5r ytts. 
Jt«ra[jE'(bbT*«SrfP»'f-5-tfc±0, jEfiitAS 

#•5. Sot, m?fe<D^Sb« (4V~3V#S) Idfc 
It 5«c«*)H«)*jfeS*4:*fii*ft!l.::i-5 C t ^t-# 
So «?fe^S0C(?)i6v^flg (5B^«c*««// 
if) T-ilifSTIw&ff L-fc*£Kt>, iE®rtT'OMn 2 *co 
^j«<h^co^tli^f*5. IE • A««aro^bS:*/MSfc 
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Mt. iwmmm&MtffiLxttz y j*-&nmzis 
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\>^-£mmtvxmzz\ k&x-z. 
[0031] mti&nmm 5 

5 te*»*»5J5WJ4, ±EL.fcH3*o^lSi~ 
4 o y ^ ? a - jsit SMMtt^t© 

^W^Sr, m v i:»*&Mktt^* t <Dj&m&<D l o - 3 
0fiS%»rSifiiiJl,*:ke>T-fe5„ «t«^ktt^3(S05^* 

* SriElKDSfcj&en * X 9 < r k 1£X% %kk 
[00 32] mM<D&ffi 6 

4 roy ^^A-^jteo*®^ioitsfEl^i®a-7-w^# 
i o~4 o n m<om.^^mm. xmm 

K**©JI«Sr^§!i-5 r t *5x-t *„ JRia©ip«& 
^L-=f-^4 0/im&.TIw-f-*<^l4. Afis-g-^S^Ji:^^ 
*t) l o o ^ m «Tlr L*»tixtf, «S«flc««M£«rflkfit 

i-*r ktfx%*\,^izi£>xh2><, &m&w§<Dm-£&m 
i o o ^mWTir-r*(r{4, V!>mmz±ttm®<o¥-it3*iL 

*&*4 0 // mWTiw«*Ji-5^S*5fc* 0 
afe^^&T-SS: 1 0 ju mUy.XZ 1-5(7514, 1 0 ^ m 

[0 0 3 3] 

ffl1"**^ t iESW^ISif ffliSr^JS Lfc„ 
[0 0 3 4] 1 . Affilf AS® 

( i ) ^ y 7 >*JStt«?^«SJR»Srt9» • Kttft-fk LT 



(7) 
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(ii) 7sy<-/w«J|«r7Stt^9BftT-CiljttLfc 

(iii) $MftH»XSr^iRLTll«ftW*a:ttaL, £ft * 



12 



-So 

[0 0 3 5] 
1*1] 







S3b*tY 












TOttM: Dgo C/inJ 


Id 


9.2 


9.5 


BET&SBiR [m 2 /d 


4.5 


5.5 


5.6 




2.26 


1.55 


2.26 


! [g/cm 3 ] 


0.52 


0.4 


0.46 


Jy^ftOOOED [g/cm 3 ] 


0.98 


0.93 


051 



[0 0 3 6] Mm<Dft$l 

< i ) vmea«x 

i?,Uu*-;* (CMC : Jflfttt) 1 0 0Sfi£|$ 

&%#T*hZ>*^l'l>'-?# v^:^/*— (SBR) 
o*»^-f^^— ^B^itrJSD*., +^lwjftj»bT. * 

IftXOl 0 Oli«|ll:»LT, @^-C2Sfigpt^ 

^ru*fcJBV*TflE«U JV3 7 5jtnrC. 1 . 

6g/cm 8 0*tt^I«r»/8Lfe. -t IT, rttSr 30 

[0 0 3 7] (ii) fPAAtfy 

(iii) f¥ffi;Hfi£z 
«J»JZ«rfflV>T, JbKirRWKfcL-C, fFAAttzSrf^S 40 

Sr 1 . 0 g/cm 3 I^SUc 0 

[0 0 3 8] MU^M^gx-zJ: 1 0 Ot^l^ 



c) k=- s 5-si'* s f-j\'j3— h (EMC) SrffcfKJfc 
1 : 3T«*Lfc*lfcfc\ 1. 5M©l*i45t5lC 
L i PF6*r**jf*fe#«, ir^v— ^l:f4*yxf 

[00 3 9] ^feS : ^mgg^ffijE (CCCV) 
ftmStO. 5 mA/ cm 2 , # h SEE 0 V (v s L i 
/Li*) 

JlSEO V«», #$/ h««E0. 05mA/cm 2 
#H^fiS2 0*C 
4Wt : J£ttft (CC) 

Xmftl. OmA/ cm 2 , *yhfUEl. 5V (vs 
Li/Li*) 

#iftttS2 ot: 

[0 0 4 0] r©aB3e^J:9»t,ttfc, 3t^^yugO 

0 — 0. 5V4T^8it, 0—1. 5V^WfM 

[004 1] 
[S2] 



ftttana 




JMy 


fife 


aatraaua 




iiaisitiiaav 


aaxMaaz 




1.6 


1.0 


1.0 




0-0.5V vc Li/Li' 


361 


290 


360 


0 — 1.5V vs Li/Li* 


365 


420 


365 


^ISjftftfcigDXC^aSS; [mAh/g] 


35 


90 


40 
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[0042] r.©3B**»fe, *»xtt, mxmmvmta &<Di&m®& (pt»**) . wiw^^B^tg 
or i/js«?ofc 0 ib^Yii, &®mtt©¥4&t£#:£ uv> i: fc-ca 3 in*-*-. 

fc*, 0. 5 VJT'©M?1IJ2 9 OmAh/g i/h [0 0 4 6] 

JV^TO, 1. 5 V*T-W^*lilW&<^S^ft5rS 1*3] 
X-SiSSV^Blii^fi (42 0mAh/g) $r#LTWc„ 

£HCIt«:ij^;£jW*»£;h,fc. 10 
[004 3] 2 . A^W'Iffi® 

(i) 9 5mSa$?>ll#eXfc\ 5fi*£|5<D4WY&;!jD 

A&ffcBiLfc. 

(ii) 9 OftfiaStf>HI&X»;:, 1 0 fifiSPO|)b$tY Sr*D 

ft*©?**- rt-e+^fc«*^«*-e:-c, *S4Mt 

BSr^MLfc. 20 

(iii) 8 om&M<om$8Xlz^ 2 0S*a5WJibMY5: 
AD*., ft^5**-rtT?+^{wjg-e-^t!i:$*-c, Stt 

(iv) 7 0M»g|S<D|t^XK, SOMWBOl&WYfcjbO 

(v) 6 5aftg|5<Z>ll#&XK. 3 5 ftftg|5<£>8bfctY &;&D 
ft*(D5**-rt-C-+^Jc^^t!t$-ti:T, SttK 

ESrffcKLfc. 

(vi) s omm.ua>mmxiz.^ 2.ommn<o?hviz*ixi 30 

ft*ro5**-rt-e+^»wiB^»$-er-c, 

[0044] ftmistz6mm<Dmvow*mi^x, tn^e 

/U-T'U^Sr/BVTJEilU Afii^S^ff^* 5 7 5 n m 

•en a ~ f t m-r„ 

[0045] ^nbem^m^. ^mwrnQtrnm^ 

1 0 0 < CwKS#ffl«T-C*8P#P^ft^$-e:fc„ *:(D'&. 

—#^—h (EC) t^y^^^^^—^^—h (EM 
C) fcflQMJtl : 3-e»-fi-L*:*«^. 1. 5MOjg« 
t*<&J:5»wL i PF,*rS«?3*fc*«, ±s<u— ? 
iriitf i) =* L-^JLieSSrfflv 34®*W> t'-#— fe/u 

JWIWMBfiSrHttL*:. ^ bixfc, Slf-f^u 50 
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[00 4 8] 3 . A^ffffl® 

10 Lfc^fiB (*EKttffi) Srffl^Ufco 

m. : 3 0 0mm) Srffl V>T 5 Isli^ !9 il Ls flEi£Etfc £ 
[0 0 4 9] 8 OfifiSB^IM&X^ 0 

[0 0 5 0] — IftttYSrliiSXlr^bDbfcg^Kw 
tfr&, fc^Sa^^iDfi (5~2 0Sfi%) *-Ctt> ± 

f&^^Ef (^sBt) $tL5„ tto-C» S^»A~CSr 
*«*IBX*>5V^tt:2l=Jt«br#*»=/h*V^ft.it>, *(D 

Sara*** 3 osg%<73S^iKDcim^, 1 . 4 ~ 1 . 6 

30 g/cm 3 S«*-CWJBE5S^a5(i^Pg#X'fc?)„ * 
fc, Ub«-Y<OSSiP£*S3 5fifl:%wefe!KE-ei4, 4~ 
5ID<OJEiiS:llt£U<C»ttLtf®ft* s l. 4g/cm 3 Sr 

lt*«Bft^»Y©«JlP*H:3 0««%KTfctti 

[00 5 1 ] 4 . lE^fftiBCD 
JblE 1 ~ 3 O^mtePSX-. *««5**tt*«tt»M 
40 \zt£^1fft>b, ^v^TIE®Wi¥ffiSr=ffofc. 

(i) Co 3 0„H i 2 CO 3 £0)l-g-^Sr^#B^T9 
5 Otf^t, td» • iB«D!ISIL-CL i C oO E Sr^ 

(ii) N i (OH) zt L i OH • H 2 0^ifel;^ 

#h^t 750 x;-cmi&m. m& • mmmm; ltlin 

i 0 2 ^iLfc. 

(iii) MnOatL i OH • H z O<75zS-g-®=§r^#ll 
50 StfljttOL i MnzO^Sr^SLt. 



(10) 
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[0 0 5 2] (iv) RfofkffiXN i 2 *tMn z +*mm\Z 
*it$tTMno.4Nio. 6 (OH) 2 &#s rftKLi 
OH • H 2 0&m&\sX&tm%mf5.T8 0 Otfl^ 
» • eSil LT L i M n o. 4 N i o. 6 0 2 ?rffi 

(v) SJ^fitft'N i 2 *i:Mn 2 *tCo^S:lRl^l;#{t 
$tTMtio. 3 Nio. 3 Coo.. (OH) 2 iU CLixKL 
i OH • H 2 0*iD^-C^*#IS^T8 0 CCT^/* 
t&55* • SSPSLTL i M110.3N i o. 3 C oo. 4 O z 

[0 0 5 3] rtt^ 5«^iE®?S#)K&ffiV^, »T<o 

(i) 9 5lia«)L i CoO z \zmmUt VX<K>7± 
fl/y^-y^ 5Sfi^^P^T^<7P$^-^— rtT-+ 

(pvdf) 5&m.n&mtoL, »n-^ 

K> (NMP) Srifl^nx^/iSb^b 
& h'*m^XT/U*~>pM.m 0 

f$#65ymt\ gfi^3. 5g/c m 3 <D~iEM-&tf 

ffflBjE® g <fc LTc. 
[0 0 5 4] (ii) LiCo0 2 ffiftb?)iaiNi02 

fStfc. 

(iii) L i C o0 2 WttSb?HCL iMn 2 04SrI^fcl 
fcEWk jBIEg t IDfiltw Lt, WffiiEm i SrfESlLfc. 

(iv) L i C o 0 2 <£>ft:b!9 \CL iMn». 4 N i o. eOaSr 
ffiv^rt^, jE&g tPHUKLT, tWffijE^j fcflp 

(v) LiCo02©ftfc9tLiMno.sNi 0 .sCo 

o. < ,o 2 ^fflvNfcr £Ei*k lEmstmm^^x. wmiE 

m k £ f£M Lfc„ #ffi! Lfc 5 mJEffi g ~ k £ 1 0 

ox:<7>M^mn.TX8mmm,m^tz 0 tcom. Mm 

h (EC) iif/U^f^-^-h (EMC) 
fcflaMJfcl : 3T*S-&L/c^Sr, 1. 5M©i8St<C 

tKU u^cD&JLlfe&Rl^^X 3®^Wt'— #— - fe/wSr 

«ssLfc. &v^-c% Tiat^-r3cmi:«cmsr3^-('^^ 

*5SIU lE^roWSSftiftlEl^ifrmn;*. (^FWS 
ft) ^ifiJSSr*JSLfc„ 

[0 0 5 5] 3fc« : «®sftjEttEE (CCCV) 
/E®St0. 5mA/cm 2 s *-yHE4. 2 5V (v 
sLi/Li*) 

£®JE4. 2 5 ViHfef^ hS«E0. 05mA/cm 



10 



20 



30 



40 
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fi^fg£2 0*C 

j&n-.mntii (co 

ttHflftl. 0 mA./ cm 2 , X-yhME.3. 0 V (v s 

Li/Li*) 
#QAJ&A2 0*C 
[0 0 5 6] d©ajEl=J:«J»5>iifc» 3t^^/HW 

^m^ft (W§ft) xtn 

(jfcSfcSn^fcSWi^ig^ft) Sr^t*-C*4(w^ 

[0 0 5 7] 
[*4] 



50 



19 



1 b 

< ^ 
E -» 

a 



110 



V 



33 
W 

P 

AJ 
I J 

ins ^* 
¥K did 

«s 

g ^ 
>*> 

<-< CM 
# i>r£ 

s| 

Eh w 



la 



(11) 



[0 0 5 8] ^ ro^S^J; t), jEJlg (L i C o 0 2 : 
W) ^Jt^LTjEHh (LiNiOz) 1118 0mA 

fc. mi (LiMn 2 Oj Hifcflg«flE^iSt> 
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20 



30 



40 
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1 18mAh/gt'h^<, ^^TiS^S 

Sr^V^ciE&j, kfi, V>-f HkiEEig (LiCo 
0 2 ) J: 9 t«v^JS!**i|BM»©flrtt«ES:W-f-S 

So 

[00 5 9] 5 . iiEffiWfffi® 

«") ot^fclElSh (LiNi0 2 ) tfmmb%Z.btl 
So L#»L&#6k 'SI^Sroft'b^t^L i N i Oz 
tt, 31=^^*^ : N i 8 W-y • f7->F$ 
iras^SBi ft oT, aUrftlf-f **** 

«©ttfc**5fe*fc = '<A' h^ty:Co 8+ « Stf/Sfc 
JiT/WS^-M'*^ : A 1 3 *T-^#l$lrfi&Lfc«-£- 
MWt«b : L i N i i-.-t.C o.A 1 b 0 2 £.H!V^ <t , Bfcg 

[0060] tr-e« **ifte*jv*-ct>, WTroffiW 

SrWKLfc. 



50 



(i) Ni (OH) 2 OK^4fftr*5V^-rN i 2 -"i:C o 
s *Sr*a$-tTCo 0 . 1B Nio.8B (OH) 2 $rWS4U 
rftlCL i OH • H 2 0£r2g£-L-C®S5if#ffl^T8 0 0 
■CfMt, • «C«ISS Lt L i C oo. i.N i o. 8 S 
Oafrfla&bfc. 

(ii) ±IE^Co<Dft;b!?KAl £fflV^r£J^*k H 
iiatL i A 1 o.jsN i o. 86 0 2 SrfP®iUfc 0 

(iii) Ni (OH) 2 <DSJSfB#fk:*3^TN i 2 * t C o 
2 *i:A 1 3 *irSr*tt$-BrTC oo.^oA 1 o.osN i 

ess (OH) 2 .o6$rf§$!$U £*UrL i OH ■ H 2 0£r 

m^^xmm^m^.T8 o otTjwsi, • «utn 

1LTL i Coo. ioA 1 o.osN i o. e 6 0 2 £rfEffi[ L;t„ 
[00 6 1] ±|B3«Sr«v^-CiE*S:ffiKU iftiEOjE 

®h (L i N i 0 2 ) fcjfcttbfc. 
( i ) 9 5 &M.U<D LiCoo. isN i o. esOztC^mt* 

7s'<ttr=y^> (pvdf) 5tttt«rra»u 

iON->f/u- 2-fn JJ (NMP) Srill^Qx. 

m (fS20»im) Jbtt:— j£©»S»::JMiU £ilSr8 
VTffijfU f $*i6 5^mt, Sft* 5 3 . ' 5 g / c m 

t&t>ort, fMSjEtf 1 Hfc. 
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(ii) L iCoo. isNi 0 .8 6 0 2 ^ftb!)i:Li Al 

0 . ls Nio.850 2 ?rffl^fcrtwk mi tmmizL 

(iii) Li C oo. isN i o. eeOzOftfc 9 l£ L i C o 
o.xoA 1 o.osN io.G S 0 2 £:/BV^r jES 1 <t 

[0 0 6 2 J lEfii I -n ttfliST^MLfciEffih tSr 1 
0 0tOlS#i^TT8^^$tyc o *f 

h (EC) i:^^^ ?vu#— h (EM 

c) SrflqBJtl : l. 
4:ftSJ:5fcL i P F«fcW»£*fc»« % -fe^u-* 

/c 0 w co^^^t htitz ?;ub (Dj&mmm c*imm 

ft) k*<Dfe<ntMS&ti9Wat. 
[0 0 6 3] 



(12) 



10 



20 
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• 



£ 



si 



^ sir 



V 



III 

Is* 

•C »ii 

J ~w 

7 

■* w mi 

+4 » -m- 

« ss 

|3-* 8 



40 [0 0 6 4] ^(OUm^b. LiNi0 2 ^>>>r/K 
* f<Z>— SB (ro4§-&tel 5mo 1%) Sr3fiS^tt«8*5 

i C o o. isN i o. 8 e0 2% L i A 1 o. ieN i o. 8s0 2n X 
I/L i C oo. ioA 1 o.oeN i o. 860 2 ll, ftJXfl (31M 

*/n$) iw*5^Ttt, wrtitL i n i Ozcom-tzm 

fc*5l*Tf±L i N i 0 2 0figftt#5§f^ft5' 
50 *ffitifp*JLTV^a^^fllBTt 5 0 
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[00 6 5] 6 . 1E®W ffi© 
$te»03jE«IMfi<Dro*SJIW»e>» iEMj 

<smm) i>s 5 *Mn?tt, je&b (Li 

j*T-#tt^-frTMn,N i (OH) 2 #l^L,«:Mn y N 
i«Coi- y -x (OH) 2 £r-£-/&U itvSrL i OH • H 2 
Oiril^b-C^JES-rS^jt (*ttffi) . Ni (OH) 2 
<tMn0 2 £;fcl*N i (OH) 2 £M n 0 2 £ C o aO-i 
(Dm&ffimz, L i OH • H 2 0£S-£-L--C£s/#i-3# 



(13) mm 2003-142075 
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*J8*ir«|»UT^i*Sr«i3*»tntf5*<ia*#*s»l« 
[00 6 6] *£-e. mb^Jt^siW^^^S 

gfcL i Mn 2 0 4 t, L i N i 0 2 , L i Co«. i 6 N i 
o. se0 2 , L i A 1 o. isN i o. ss0 2 , L i C o o. io A 1 
10 o.osN i <,. s 6 0 2 £fcttL i CoOztSr, S6tr^-f i 

KLfc. L i Mn 2 O<,C0SiJ-g-Sr3 0*4%T* 

[0 0 6 7] 
[*6] 





CHJtW 


a»»i 


LiMn 2 0< : LiNi0 2 = 30 : 70 




UMn ? 0 4 : LiCo 0 . 16 Ni 0jM O 2 = 30 : 70 




UMn 2 0* : UAIojsNfeasO* = 30 : 70 




UMn 2 0 4 : UCogjoAloosNiafis^ = 30 ; 70 


sumv 


UMnjO^UCoO, = 30:70 




Uto\ 2 0 4 : UNI0 2 : LIC©0 2 = 30 : 30 : 40 



[oo68] jEm<oipm 

(i) 9 5 ssgBojEse^K i izmmut vx<or± 

^fl/ (PVDF) SKSttfefl&DU *««5N-yf* 
-2- fay K>" (NMP) SrjgSaP^.<C*5f>fittU-C 

m) JbK:— J£©J¥ $ U 8 CCCD Y=7>{*- 

$ * 5 6 5 ju mT-, 3 . 5 g / c n) 3 <£>IE&-&#Jf 

"C, *«<Ofci!>©Tyi'5 = '>A«y — K«r**>ort. W 

(ii) jE«S46Rl«)fttoD»J:jE*iS»ltIl«r«v^r. 

(iii) jE*e«MH©itto9^jE«g«WllI«r^v^ 40 
rir£l^ IE*o fclHMNuLT, FMf iEttq fcftSll, 

(iv) JEmmVoWl roftt>*>fcjE«SMtIv«r/li^fc.£ 

(v) 3EaiS4MH«>f**>9»=iE«eWKVS:^v^fcr. 

(vi) IE1®S#>M I OftibKUzjE&WiVoKn&m^ltZ 
tW, Mo iBWIiaT, WflilEffitfcflsKLfc. 
[00 6 9] jfcm Ltz 6 ftffi<DJE« o ~ t 5r 1 0 0 1C<D 



(EC) fcai^uy^-yu*— t> (EMC) 
Jtl : 1. 5M«»*i*6J:5 

5- u>#7LKSrffiv^T 3m#.<D tr-*— feA'trDIA b 
Jt 0 ^UT, jE^Sffi®ro^4:lR)C^^— vro^ESti* 

«^*9mE. ^t^wiii^mB^ (^Ri5s»ss) one 

[0 0 7 0] 
[*7] 




[0 0 7 1 ] Z<Di&mt>>tz>. L i Mn 2 0 4 lwit LT L i 
NiO z> LiCoo.i 6 Nio.8s0 2 , L i A 1 o. isN i 
o. esOz, LiCoo. ioA 1 o. osN i o. es0 2 CD-?:*l^;fX 
SrJR-&LT^»LfcJ£<»Kl -IV (jE«o-r) IS, *s 
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£^150-16 OmAh/g^gli 2 0-25 
mAh/g^)3t»«P^S:4-x.TV^ 0 riUi, IE® j 
y^fy^ 5/ ^Mfc-g-SMMM ^lEmk {-visits 
y irfrzis^x, b^mtm t» fenfcffi t fa IB c-e 

*5:ta*5 fl — ^ L iMnzO^LTL i Co 
0 2 £»^LfcS^jtV (3E«s) tt, «l^3WS*lc: 
S4oTl>5 e LiMn 2 0 4 i:LiNi0 2 H 
i CoOaifrJR^LTf^tHLfcSttKvi (iEfiit) 
ft, ISMlMVB^iKltftl^ 145mAh/g 
10 L i CoO a *r¥»-C«V^jE«g (13 9mAh 

/g) J:5fc!*i>^i»**Sr**.5ri:*fllBSnfc 0 
[0 0 7 2] [y**A-&««w>fl£«] 

[0 0 7 3] ( 1 ) Afe 

i o os4gBoA@s^Kfw i mm%<D*ji>s8*^j ^ 

20 sl^/Pn-* (CMC : *»» 1 0 OfiiSfl 

ttTfc^^f i^xy 7/^ (SBR) 

U 1 0 O'COJKiai-CftjSftS^ ^(^1, n-vur/u* 
»160/«m) t?, 6g/cm 3 0|ii^ 

[0 0 7 4] (2) IE* 

mmttkVXVtfVyyfcV^ijy*^ ( P 
VDF) 5«*»SraSbDU 5MRtt<0N->*vl'-2- 
t°o y (NMP) *m^7Lt£t*bmm\^x<&tt* 
9y«rf£»Lfc. :5 L-Cf^SSLfc^yy SrT^-* 
40 (fJ20/im) ^Wffifc:t6X«*JB^T— 5£<Z)J5 

Sir»*U l0 0t(DK7^x7t*gji$^ p— 
^**tfl*TffiiLT*£j&S6 5 *in 
LTIilEll 5 0 jum) T\ fS^3. 5g/cm 3 <7)E 

Wilt, ««Ofcfc(0Tyu$ = *A»y-- KSrffiO 
ottTjEtti Lfc. 

[0 0 7 5] (3) 
fP»Lfc*«. IE®, XWW#OMfc^ft$-ft5sKy^ 
f L U^^?L^ir/<U-^ (Jf$3 0 Mm) <&##7K 
50 #Srlft5fc-rSB«re, AtttjEttttl 0 0 , CT*8P#P a ^ 
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(T>m-&Vt>\Zl£rt % L i MmO^m&ttm* 3 0«S% 
irUTt^, 2 0 — 5 0fia%W©ffl-C*fontf J:v>*g*/is 
mhi%Z>o L i Mn a 0 4 i L i N i 0 2 h L i C oO z i 
Wrg^l-MLT, L i MnaO^Jg-g-Jfcif*, LiNi 
0 2 W?l-&lt^Sri:'bl-3 0Sfi%i: LfctfS, V>-f;h,<^ 

Jt^t-Baur 1 2 o — 4 oai:%ro«Biati-ntfiRi«w 30 

S^/SMfbaxS. :« LiNi 0 2 <0ft#i: LT, 
L i Coo. 15N i o. sb0 2 , L i A 1 o. ibN i o. bb0 2 , 
L i C o o. joA 1 o. obN i o. bb0 2 0 3 *t£1&W Lfc 

LiNij-.-bCo.AKOj (0<a+bS0. 2 
5) T'fc^tf, »irR*«>itt*Sr#Sr. 
^^V^S/^/W- (="</Uh) fe&mtVot LTL i Mn 
o..»N i o. 6 0 2 , L i Mno.aN i o. »C o 0 .«0 2 S:ftffl 

L i MnxN i ,-,0 2 t LTiiO < x < 0. 
5, L i MnyN i.Co i- y -*Ozk LTfctO < y < 0. 

4, o< z <o. 4<DmMzhz>mv;ffim<om&mt® 40 
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SW^SiwMLT, Hl&0l|T-|4 3. 5g/cm 3 iUc 
*S, 3. 3-3. 7g/cra 3 »g|rtTHi<9!)f? 

[00 9 9] $ &£m«>JL$MKoV*T, *3BW«)|lft 

»-5r- *\z.mwL-fz>Mm (06) tufc^, *^nefl£ 
[00100] 

[^W<t?^j*] eA±w±5iw, *^|^irj:ti«, 

«*H4«>*V * !> ^ * A "ft 
«»fc5^fci«fci-3£ 4*. S£oT, S% 

[Ull] — «ttfty5 l »7iOft«»<BS«RfM9:'* 

[HI2] N i O a JI«t*at*tf*JMIn^©**V^ 
i: JiMMiti <!: T* U ^ «7 A "ft«?&Sr«J* bfc^-g-ro^ 

[in 3] *&w\zfrfrz> » 3-? j*-&m.ni<r><gmtstft/* 

[HI 4] *%Wirji^5Sijro»)^!7A~ftffi?&wSfi:K: 
[05] ^lim-efflv*fc**<0ffleH*i:**^Wi 

[0 6] njS0ij^«Lfcy^!7A-ftmm<o— i»sr«i 
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